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A new approach to joint stainless steel and titanium alloys by powder metallurgy was 
succesfully desgined.  
 
A strong interface layer was obtained without adding interlayer elements.  
 
Titanium alloy bonded with stainless steel showed enhanced wear resistance. 
 
Increasing the temperature caused formation of the larger interface thickness.  
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Abstract 
Titanium alloys have been widely used in many industrial applications. Nevertheless, efforts 
to improve their properties are continually increasing. One of the most effective routes to 
improve strength, hardness and wear resistance is to create a coating layer on the substrates. 
In the current study, stainless steel was selected for the in-situ joining and creating a 
continuous layer on the Ti6Al4V alloy. The Joining process was carried out at two different 
temperatures, 950 oC and 1050 oC, and the mechanical properties of the bonded materials 
were investigated employing hardness, bending strength and wear tests, while the bonding 
interface layer between the alloys powders was characte ized by optical and scanning electron 
microscopes. The results showed that the higher the joining temperature, the wider the 
interfacial zone between the coating layer and substrate. The hardness and wear properties of 
the joint materials increased at 1050oC, while the bending stress was reduced and debonding 
was observed after the bending test. The chemical composition at the interface zone was 
identified by energy dispersive X-ray analysis, and the results showed high diffusion rates 
between the elements.  As a result, the process used in the current study can be used for many 
titanium alloys, and their use in industrial applicat ons can be increased.  
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Recently, due to the requirement of high-performance materials for many industrial 
applications, the joining of dissimilar materials have attracted many researchers. When 
considering dissimilar metallic materials, titanium and stainless steel alloys are preferred in 
various engineering fields because of their excellent corrosion resistance, high mechanical 
properties and excellent biocompatibilities. Therefo , joining these two metallic materials 
can provide enhanced mechanical and physical properties [1]. However, different brittle 
phases occur at the interface between stainless steel and titanium alloys are obtained by the 
joining processes which need relatively high temperatures. These brittle intermetallic phases 
can result in lowering the fracture toughness and corrosion resistance. The reason for the 
formation of these brittle intermetallic compounds can be explained through analyzing 
equilibrium phase diagrams. For example, the solubility of Fe in Ti is 0.1 %, at room 
temperature. Above this ratio, brittle intermetallic phases of TixFey, TixNiy, and TixCry are 
formed. Subsequently, this leads to cracks under loading conditions [1-4]. When it comes to 
austenitic stainless steel alloys, Khoshnaw [5] indicated that they are exposed to the formation 
of brittle phases and carbide precipitation, e.g. CrxCy when they pass through sensitization 
ranges between 550oC and 850oC.  
Many joining techniques, such as welding, brazing ad diffusion bonding, are applied to Ti 
and stainless steel alloys [6-8]. Within these techniques, solid-state techniques are generally 
preferred compared to fusion-based, due to the diffrences in their physical properties, such as 
thermal expansion coefficient: Ti equals 8.9 x 10-6 oC-1 and Fe equals 12.2 x 10-6 oC-1, the 
melting point for Ti equals 1660 oC and for Fe is 1532 oC. Bonding of different materials is 
restricted by different factors such as their large difference in physical properties and melting 
points. Those differences cause some residual stress apped at the interface of the bonding 
zone. The most commonly used solid-state technique is diffusion bonding, as this enables a 
reduction in several melting-based interface problems [9]. Examples of solid-state joining are 
friction welding and diffusion bonding used to join titanium and stainless steel to avoid 
interfacial melting at the interface. Dey t al. found that better tensile strengths are obtained i  
the Ti base material utilizing friction welding [10].  
Titanium alloy type Ti6Al4V, which covers about half of the total world production of 
titanium alloys, is preferred for many engineering applications such as those used in the 
military, automotive, aerospace, marine, and medical industries, due to their high specific 










the poor tribological properties of Ti6Al4V alloy limit its successful implementation in the 
intended applications [11]. The reason for the poor wear resistance is tribooxides which are 
very brittle and do not adhere to the surface. These tribooxide layers are easily removed from 
the surface during sliding conditions. Low plastic share characteristics and surface energy are 
the other aspects of negative factors on low wear rsistance of titanium alloys [12-13]. In 
terms of bonding of powder alloys, the conventional powder metallurgy techniques cause a 
coarse microstructure with low mechanical properties. At the same time, the hot pressing 
technique provides high density, reducing the adverse ffects of initial powder shape and size 
characteristics and controlling the interface thickness [14]. Pressure assisted techniques also 
provide a direct benefit to the densification and final properties of the material. Applied 
pressure during sintering has been found to enhance the densification rate and reducing 
sintering temperature and holding time, resulting in improved mechanical properties [15]. 
Many researchers are trying to develop new processes to enhance the final properties of 
titanium alloys. One of the essential properties of the titanium-based materials is their 
corrosion behaviour. We aimed to combine stainless steel and Ti6Al4V alloy, and designed a 
new bonding process to develop improved tribological properties. This new route represents a 
solid-state bonding process between Ti6Al4V and 316L stainless steel powder alloys using a 
powder metallurgical hot-pressing technique. This approach is novel because of the 
combination of these two different powder alloys, without adding interlayer elements, and 
provides enhanced performance. 
Materials and Experimental Works 
Characterization of the Powder Alloys  
The preliminary materials used in this study were hydride-dehydride HDH Ti6Al4V powders: 
6.2Al, 4.14V, 0.02Si, 0.14Fe, bal. Ti (wt.%) and water atomized stainless steel: 17.6Cr, 
13.6Ni, 2.9Mo, 2.0Mn, 1.2Si, 0.03C, bal. Fe (wt.%) powders. Figure 1a and 1b show the 
scanning electron microscopy - SEM images of the Ti6Al4V and stainless steel particles, 
respectively. The shape of the Ti6Al4V alloy powders is irregular, and the size of the particles 
is < 150 µm while the shape of the stainless steel powder is approximately circular shape with 
size ranges of 50-100 µm. The shape of the particles strongly depends on the production 
method. For example, titanium particles are made brittle because their exposure to hydrogen; 
the brittle particles are milled and finally are heat-treated under a vacuum atmosphere to 










Meanwhile, stainless steel powders are produced by water atomization. As the liquid metal is 
broken apart by water, usually round shape particles ar  produced due to the fast cooling of 
the liquid metal with the interaction of water. Subsequently, particles with round or semi-
round shapes are produced [16]. The hot pressing technique - used in this study - eliminates 
the irregular shape effect of the particles on the low density of the product. The particles can 
deform under pressure easily, and the density increases with an activated neck bonding 
mechanism between the particles [15].  
Bonding Process 
In this study, a hot compaction diffusion bonding mechanism through applying uniaxial hot-
pressing technique was used. To perform the bonding process of coating 300 µm stainless 
steel powder alloy type 316L on Ti6Al4V power alloy was performed. No interlayer material 
used. Figure 2 shows the schematic illustration of the hot press process. The thickness of the 
desired material layer can be controlled by adding k own amounts of the powder. The figure 
shows that loose Ti6Al4V powders were placed firstly inside the graphite die; then stainless 
steel powders were poured onto the titanium powders to form a layer of thickness 300 µm. A 
0.2 mm graphite paper was added for lubrication and to facilitate the release of the bonding 
compacts from the mould body after hot pressing. Two graphite punches with an outer 
diameter of 20 mm were inserted into the graphite die body and faced with graphite foil to 
supply a uniform contact resistance between die and pu ches.  
The process was carried out using a DIEX brand (Korea) hot press. The dimensions of the 
final compacts were 20 mm diameter and 5 mm thickness, both stainless and Ti layers. Two 
different in-situ coating bonding temperatures, 950oC and 1050oC, were applied during the 
process. The holding time at both temperatures was kept constant as 30 minutes under 50 
MPa. The details of the process cycle are shown in Figure 3. The whole bonding process was 
carried out under vacuum to prevent oxidation.  
Metallographic Preparation and Mechanical Tests 
The combined materials were metallographically prepa d for microstructural characterization 
and mechanical tests. Ground papers 320, 600, 1000 and 2000 grits were used for grinding, 
and 9, 6, 3 and 1 µm diamond suspensions were used for polishing. For consistency, 2 
minutes duration was kept constant for each polishing process. The samples were etched by 
Kroll reagent for 10 seconds based on ASTM 192. The density of the bonded compacts was 










B962-08. The microstructure of the samples with etch d surfaces was examined using an 
electron microscope. SEM images and EDX investigations were carried out using Jeol 6060. 
The hardness of the samples was measured using a Vickers hardness test by applying 10 kg. 
The bending behaviour of the samples was determined by INSTRON Model 300LXJ. The 
tribological performance of the bonded materials was c rried out by a Nanovea MT/60/NI-
type ball on disc tribometer, which was used to measure the friction coefficient. The dry 
sliding wear behaviour of the produced samples was determined at room temperature under 
15 N. The sliding speed and sliding distance were 0.06 ms-1 and 250 m, respectively. An 
alumina ball with 6 mm diameter was used as the counterface. The samples were cleaned with 
alcohol after the wear tests, then dried with a hot air blower. The following formula was used 
to calculate the wear rate of the samples [17]:  
W=M/ρD 
where W is the wear rate (mm3. −1), M denotes mass loss (g), ρ (g.mm−3) and D (m) are the 
density and sliding distance, respectively.  
Results and Discussion  
Table 1 shows the relative densities as a function of bonding temperatures. The temperature is 
the most effective sintering parameter on the diffus on between particles, resulting in higher 
densities. The bonded sample sintered at 950 oC had a density of 96,4%, while the sample 
bonded at 1050 oC had a density of 99,8% showing almost a full density. In general, the 
results showed that the density of the bonded materials increased with the increasing sintering 
temperature. 
Microstructural Characterization 
Figure 4 shows the bonded coating thickness of stainless steel on Ti6Al4V alloy, as in 
average equals 300 µm, which shows relatively high homogeneity of the stainless steel layer. 
This homogeneousness is an important property for the coated material because the interlayer 
between bonded materials is strongly affecting the final properties of the materials. Thick 
coating materials and techniques are necessary for trib logical and load-bearing applications. 
Formation of a weak bond zone results in a reduction in the tensile strength and toughness 
properties of the interlayer. Subsequently, cracks and delamination are possible at the 










Figure 5a and b show the interface thickness as a function of production temperatures at 950 
oC and 1050 οC, respectively. The diffusion layer increased with increasing temperature. The 
thickness of the interface layers was equal to approximately 100 µm and 150 µm for 950 oC 
and 1050 oC, respectively.  
To investigate the interface layers at 1050 oC, four zones, numbered as 1, 2, 3 and 4 were 
selected within the stainless steel and titanium alloy interface layer. In each zone, three points, 
named A, B and C were chosen to be analyzed by EDX, except zone 2, where only 2 points 
were chosen (see Figure 6). Table 2 shows a quantitative elemental analysis of the points as a 
weight percentage.  
Zone 1 is the stainless steel side of the bonding materials. Three different points were 
analyzed. Table 2 shows that zone 1 is characterized by standard stainless steel elements. 
However, some small amount of the Ti, Al and V elements were also observed in zone 1. 
Point B is shown as a dark grey thin lamellar betwen stainless steel and the interface. 
Titanium and aluminium elements diffused towards the stainless steel zone and produced this 
thin zone. The remaining Ti and Al caused different types of phase with Fe, Cr, and Ni 
elements are given in Table 2. The main reason for the different layers with different elements 
is the variation of diffusion rates of the elements in the material. In particular, Fe and Ni 
diffuse fast and migrate inside the titanium easily, which causes different compounds at the 
interfaces, as shown in Figure 6, Zone 1, point B [19]. As a result, a layer of material 
containing different amounts of titanium and iron with different depth of diffusion layers 
occurs. Different diffusion rates of Ti and Fe within each other produce intermetallic TixFey 
compounds with an irregular geometric shape as shown in Figure 6, zone 1, point C [20].  
Zone 2 microstructure belongs to Ti6Al4V alloy size of the bonding materials. Ti6Al4V alloy 
has α+β structure showing an equiaxed shape hexagonal close-packed α grains and β phases 
distributed around the body-centred cubic α grains. Light lamellar areas of vanadium rich 
zoned of β phase is shown, while dark equiaxed grains are α ich zones. This approach was 
proved through the chemical analysis of zone 2, points A and B, as shown in Table 2. The 
chemical composition of the α and β phase are relatively different, as the α phase consists of 
less V than β, while the later phase consists of both Al and V elements. Similar results were 
found by Siqueira et al. [21], and they explained the solubility of the β stabilizing element in 









detected [21-22]. The chemical composition of zone 2 was changed towards the interface 
layer, and new phases with different geometric shapes were observed.  
For zones 3 and 4, which are symmetrical across the interface layer, Table 2 shows that 
elements, especially Fe, Cr and Ni were identified by EDX as shown in Table 2. Point C in 
zone 3 is the closest region of the interface to the Ti6Al4V side. Therefore, the chemical 
composition was not changed very much and remained similar to zone 2, point A. The 
solubility of Fe, Cr and, Ni in the phase is limited, and their amount is relatively low. The 
structure of point B is similar to point C. However, the composition is different. The content 
of V element of this zone was found lower compared to point C and, unlike Fe content, Cr 
and Ni content of this phase were found to be high. The chemical composition of point A in 
zone 3 consisted of a high amount of Fe, Cr and Ni elements beside the Ti, al and V. This 
composition is seen as a base interface zone consisting of all the bonded elements. In this 
zone, the difference in the diffusion capabilities of the elements caused a formation of new 
phases, as shown in zone 4 (see Figure 6). In addition to that, the effect of the shape and size 
of the selected points was investigated by EDX. Large grains with sharp edges consisted of 
mainly Ti and Fe elements. These phases also contained a high amount of Ni, Cr, Al and V. 
Unlike point A in zone 3, the point B in zone 4 contai s high amounts of Fe, Cr and Ni 
instead of Al and V. This is an expected result dueto being close to the stainless steel side in 
the bonded interface layer. These large phases tranformed finely distributed constituents 
containing mainly Fe, Ni, Al, Cr and V.  
Hardness Test 
Figure 7a (bonded at 950 oC) and 7b (bonded at 1050 oC) show the hardness values of the 
bonded materials across their cross-sectional areas started at 75 microns depth. The bonded 
materials showed a different hardness profile as a function of bonding temperatures at 950 oC 
and 1050 oC. The hardness values of the three layers; stainless steel as a surface material, 
Ti6Al4V as a substrate and the interface layer, were increased by increasing the applied 
temperature. The high hardness of surface and substrate can be attributed to the enhanced 
density due to the increasing consolidation of stainless steel and titanium alloy particles at 
high temperature. The hardness of surface - stainless steel - and substrate – titanium alloy - of 
the bonded material increased from about 200 to 300 HV, and from 350 to 450 HV, 
respectively. Moreover, the interface hardness was also increased extensively with increasing 
temperature; the hardness of the interface layer reached up to 700 HV and 1150 HV at 950 oC 










interface close to the stainless steel side, and the hardness from the pick value decreased 
gradually through the titanium alloy side. High hardness increase at the interface is due to the 
formation of different intermetallics. Ti, Al, and V from substrate and Fe, C, Mn, Ni, Cr, and 
Si from coating layer can cause a formation of TiC, Al2Fe, Al3Ti, AlTi, Fe2V3, Mn2Ti, 
Fe3Al 2Si4, Al6Ti19, NiTi, Ni3Ti, NiTi 2, Ni2Ti compounds. Besides, C atoms can diffuse along 
with the interface and form (Fe, Cr)3C phase  [23].  
Bending Test  
A three-point bending test was selected to determine the mechanical properties of the bonded 
samples. Figure 8 shows the three-point bending test results of the diffusion bonded samples. 
The bending strength decreased with increasing bonding temperature. The bonded material 
produced at 950 oC has a higher bending strength equal to 1332 MPa while the bonded 
materials produced at 1050 oC exhibited a bending strength of 1261 MPa. Similarly, the 
displacement values of the bonded materials decreased with the increase of the temperature 
from 950 oC (1.33 mm) to 1050 oC (1.05). Figure 9 shows SEM images of the failed samples 
after the bending tests, and Figure 9b shows large debonding within the interface layer formed 
at 1050 oC This result can be attributed to the thickness of the interface between the bonded 
materials at different temperatures, as the results showed that the interface layer formed at 
1050oC exhibited a considerably larger thickness compared to the sample produced at 950 oC.
This can be attributed to the large interface layer associated with different high hardness 
phases, which could not sustain the bending stress. So the material failed [24].  
The different intermetallic compounds occurring at the interface has mainly a brittle nature. 
High hardness of the phases at the interface and increasing interlayer thickness tend to 
decrease the plasticity of the bonded layer and decrease the quality of the joints [25]. On the 
other hand, this phenomenon can be illustrated based on the non-uniform distribution of the 
Von Mises stresses which occur with the increase of thickness of the bonded interface, 
causing a decrease of the shear strength. When the temperature increases the thickness of the 
interface and different intermetallic formed, this caused a decrease in the shear strength. 
Overloading conditions easily cause failures at the int rface for those reasons [26].  
Figure 10 shows the SEM fractography images of the cross-sectional areas of the bonded 
samples, broken after the bending test. A low magnificat on image of the stainless steel 
surface shows an interparticle fracture mechanism, also, large cracks between stainless steel 









stainless steel particles at 950 oC, which was not enough to enhance the diffusion prcess. On 
the other hand, since stainless steel particles were produced by water atomization, this type of 
powder forms a surface oxide layer that adheres the diffusion of the elements that causes low 
density, consequently fracture occurs along the particle’s surfaces [27]. The fractography 
image of the stainless steel layer produced at 1050 oC showed ductile fracture with small and 
elongated dimples. Dark and flat surfaces indicate the brittle fracture surfaces. Bright areas 
show typical fracture characteristics of ductile materi ls with small dimples. Unlike the 
stainless steel side produced at 950 oC, no interparticle fracture defects were observed on the 
fracture surface of the stainless steel side bonded at 1050oC. Both the titanium side bonded at 
950 oC and 1050 oC exhibited mainly ductile fracture with elongated dimples. However, with 
the increasing of bonding temperature, ductile fracture mode increases. Ti6Al4V produced at 
950 oC showed some large cleavage surfaces indicating brttle f acture failure. 
 
Wear Test 
Although titanium and its alloys have superior physical and mechanical properties, their wear 
properties restrict their usage in many industrial applications. Dry sliding wear properties of 
bonded stainless steel and Ti6Al4V alloy were investigated. Table 3 shows the wear rate 
results of the bonded materials produced at two different temperatures. The results show that 
the bonding of titanium alloy with stainless steel caused an intensive increase in the wear 
resistance. The wear rate of the Ti6Al4V alloy produced at 950 oC was 10.20, while Ti6Al4V 
alloy bonded with stainless steel resulted in the wear rate decreasing to 4,87 mm3m-110-3. 
Similarly, the wear rate of the Ti6Al4V alloy produced at 1050 oC showed a wear rate equal 
to 8,37 mm3m-110-3. However, when the Ti6Al4V alloy bonded with stainless steel at 1050 
oC, the wear rate decreased to 1,62 mm3 -110-3. 
Figure 11 shows the friction coefficient of Ti6Al4V as a substrate, with and without coating 
stainless steel powder, at both temperatures. The results show that the friction coefficient for 
both types of samples, with and without coating, decreased with increasing temperature. The 
friction coefficient factor decreased from 0.6 to 0.55 and from 0.4 to 0.35 for coated stainless 
steel and Ti6Al4V substrate, respectively. High temp ratures provide higher densification 
during the sintering process resulting in lower friction coefficient for both titanium and 
stainless steel [28].   
Although the friction coefficient of Ti6Al4V alloy is lower than that of stainless steel bonded 










substrate (see Table 3). The reason behind that can be attributed to the oxide layer on 
Ti6Al4V as it is more stable and decreases the friction coefficient; however, the oxide layer 
on titanium surface can be easily removed from the surface during the dry sliding wear 
condition resulting in higher wear rate.  
SEM images of worn surfaces of both materials have a good correlation with the wear rate 
results as shown in Table 3. As expected, the worn su face of the Ti6Al4V shows higher 
materials removed from the surfaces compared to the s ainless surface for both bonding 
temperatures. Figure 12 shows the SEM images of worn su faces for stainless steel and 
Ti6Al4V alloy surfaces at both 950 oC and 1050 oC. The results indicate that stainless steel 
shows a smoother surface compared with the Ti6Al4V alloy surface. The stainless steel 
surface obtained at 950 oC showed mainly abrasive wear with narrow grooves, and some 
surface cracks can be seen due to the low density of the bonded material. However, when the 
bonding temperature increased to 1050 oC no visible crack on the surface is seen. It is clear 
from the surface that with the increase of temperature, the wear mechanism is the combination 
of abrasion and adhesion on the stainless steel surface. High plastic deformation with the 
proof of large deformed grooves showing a ploughing mechanism on the Ti6Al4V surface at 
950 oC is seen in Figure 12). When the temperature increased to 1050 oC, no large grooves on 
Ti6Al4V surface are seen, and a mainly smooth worn surface is observed. In the middle of 
Figure 12d, rupture of some oxide zones from the surface is clearly seen. By means of a 
decreasing amount of high plastic deformation, lessmaterial loss occurred on the surface and 
the wear rate of the Ti6Al4V alloy increased with increasing temperature from 950 to 1050 
oC. As a result, both materials showed better wear ch acteristics with increasing temperature. 
This can be correlated to the higher hardness and de sity of the materials.  
Conclusions 
In the current study, a new approach was developed for the enhanced properties of titanium-
based materials. For this purpose, stainless steel powders were in situ coated on Ti6Al4V 
alloy by powder metallurgical methods under pressure conditions. The results showed that 
this new process can be used different titanium alloys, and their use in many industrial 
applications can be increased. Following conclusions were obtained: 
• Assisting pressure during the bonding process enhanced the diffusion behaviour of the 









interface layer. The strong bonding of the substrate nd coating layer is vital, 
especially for load-bearing applications.  
• Titanium-based materials show weak wear resistance. Significant improvement has 
been achieved in wear resistance with the coating of stainless steel. When the 
Ti6Al4V alloy bonded with stainless steel at 1050 oC, the wear rate decreased from 
8,37 to 1,62 mm3m-110-3. 
• Higher temperatures enhance the densification resulting in improved wear resistance. 
The wear rate of the bonded sample at 1050 oC was lower than the wear rate at 950 oC, 
as expected. 
• However, higher temperature produced the formation of a larger interface thickness 
caused less strength, high brittleness, and easy debon ing.  
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Figure 1. SEM images, a- Ti6Al4V powder, b - stainless steel powder 
Figure 2. Schematic illustration of hot-pressing process for stainless steel and Ti6Al4V alloy 
Figure 3. In-situ bonding and thermal cycle during bonding of stainless steel and Ti6Al4V 
alloy at two different temperatures 
Figure 4. Optical image of bonding of stainless steel as a coating layer on Ti6Al4V alloy 
Figure 5. Interface layer of bonded materials at a) 950 oC and b) 1050 oC 
Figure 6. SEM images of EDX analyzed zones at the bonded interface at 1050oC bonding 
process 
Figure 7. Hardness values of the bonded materials as a function of joining temperature, a) 950 
oC, and b) 1050 oC.  
Figure 8. Bending test result of the bonded materials produced at 950 and 1050 oC
Figure 9. Fracture surface of bonded material at different temperatures; a) 950 oC, b) 1050 oC 
Figure 10. Fracture surface of stainless steel and Ti6Al4V alloy, a) stainless steel at 950 oC, b) 
stainless steel at 1050 oC, c) Ti6Al4V  at 950 oC, and d) Ti6Al4V at 1050 oC. 
Figure 11. Friction coefficient of stainless steel and Ti6Al4V alloy for different bonding 
temperatures, a) 950 oC, b) 1050 oC 
Figure 12. SEM images of worn surfaces, a) Stainless steel at 950 oC, b) Stainless steel at 


















Table 1. Density of produced samples at two different sintering temperatures 
Table 2. Chemical composition of the interface layer at 1050oC bonding process 











Pressure Assisted Bonding Process of Stainless Steel on Titanium Alloy 





Titanium alloys have been widely used in many industrial applications. Nevertheless, efforts 
to improve their properties are continually increasing. One of the most effective routes to 
improve strength, hardness and wear resistance is to create a coating layer on the substrates. 
In the current study, stainless steel was selected for the in-situ joining and creating a 
continuous layer on the Ti6Al4V alloy. The Joining process was carried out at two different 
temperatures, 950 oC and 1050 oC, and the mechanical properties of the bonded materials 
were investigated employing hardness, bending strength and wear tests, while the bonding 
interface layer between the alloys powders was characterized by optical and scanning electron 
microscopes. The results showed that the higher the joining temperature, the wider the 
interfacial zone between the coating layer and substrate. The hardness and wear properties of 
the joint materials increased at 1050oC, while the bending stress was reduced and debonding 
was observed after the bending test. The chemical composition at the interface zone was 
identified by energy dispersive X-ray analysis, and the results showed high diffusion rates 
between the elements.  As a result, the process used in the current study can be used for many 
titanium alloys, and their use in industrial applications can be increased.  
 











Table 1. Density of produced samples at two different sintering temperatures 
Materials  Relative density (%) 
Ti6Al4V-coated with 316L SS at 950 oC 96,4 










Table 2. Chemical composition of the interface layer at 1050oC bonding process 
 Composition (wt.%) 
Zone Point Ti Al V Fe Cr Ni 
1 A 0,186 0,058 0,283 69,672 16,653 13,148 
B 97,039 0,310 --- 1,598 0,356 0,6970 
C 65,659 1,754 0,295 17,818 2,028 12,446 
2 A 91,105 7,235 1,660 --- --- --- 
B 86,901 6,418 6,681 --- --- --- 
3 A 76,892 7,375 3,793 8,898 1,096 1,946 
B 91,205 6,534 0,741 0,372 0,443 0,705 
C 90,341 7,283 1,302 0,565 0,243 0,266 
4 A 52,740 4,229 1,302 30,608 4,303 6,818 
B 68,236 5,758 2,283 15,888 4,500 3,335 









Table 3 Wear rates of bonded materials as a function of temperature 
 
 
Material Wear rate (mm3/m)x10-3 
Ti6Al4V as substrate at 950 oC 10,20 
Ti6Al4V as substrate at 1050 oC 8,37 
316L SS bonded on Ti6Al4V at 950 oC 4,87 
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